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A crucial factor determining the functioning of housing markets is the responsiveness of housing supply to changes in prices. Differences in supply responsiveness to prices are important since they determine the extent to which the housing market responds to demand side shocks with more construction or higher prices, with potential implications for the evolution of housing prices and housing affordability. Indeed, existing evidence suggests that in supply-constrained markets, most of the adjustment occurs in the price of housing rather than in expanding housing supply (Glaser et al. 2008; Gyourko, 2009) . Supply conditions also matter for house price volatility and aggregate economic stability. An unresponsive housing supply can increase the sensitivity of house prices to demand shocks and, thus, influence private consumption patterns and residential investment. For instance, in the short to medium term, an increase in housing demand will translate into lower increases in real house prices in areas with more responsive housing supply. However, the flip side is that in flexible-supply areas, housing investment adjusts more rapidly to large changes in demand contributing to more cyclical swings in economic growth, as witnessed by recent developments. A quantification of the responsiveness of housing supply with respect to prices can, therefore, shed light on the trend evolution and volatility of house prices in OECD countries and inform housing policy reforms aimed at dampening housing price volatility and, in interaction with macro policies, increase macroeconomic resilience to shocks.
2.
Despite its importance for the analysis of housing markets and policy, very little cross-country empirical evidence exists on the responsiveness of supply with respect to prices, partly reflecting data constraints. This paper aims to fill this gap, by estimating the long-run price elasticity of new housing supply for 21 OECD countries for which data are available. The analysis is based on a stock-flow model of the housing market. Specifically, the approach chosen is to derive an empirical model to assess the functioning of the housing market, which is simple enough to involve reasonable data collection costs so that comparable estimates can be obtained for a large number of OECD countries and, yet, is grounded in theory. Building on the stock-flow model, the long-run price-elasticity of new housing supply is estimated separately for each country over the period from the early 1980s to mid-2000s, as the price coefficient on a long-run supply equation modelled as the flow of residential investment and jointly estimated with a long-1 run price equation in an error correction framework. Results suggest that housing responsiveness to price changes varies substantially across countries, with potential consequences for the speed of adjustment of housing markets. New housing supply tends to be relatively flexible in North America and some Nordic countries, while it is more rigid in continental European countries and in the United Kingdom. For instance, long-run supply elasticities in the United States, Canada, Sweden and Denmark are above unity, implying that in response to a demand shock, housing output will increase relatively more than prices. On the other hand, the responsiveness of housing supply tends to be quite low in countries like Switzerland (0.15), the Netherlands (0.19), Austria (0.23) or Italy (0.26). These estimates are broadly in line with the limited available evidence on the responsiveness of housing supply in OECD countries (e.g. Swank et al. 2002) . Estimates of the speed of adjustment over the short term imply that between 20% and over 100% of the differences between actual and equilibrium investment are closed within a year depending on the country. The responsiveness of housing supply depends not only on national geographical and urban characteristics but also on policies, such as land use, planning and rental regulations. While the link is hard to establish empirically due to data limitations, we present some suggestive evidence that cumbersome land use and planning regulations are associated with a less responsive housing supply in the long-run across OECD countries.
Ample evidence suggests that housing markets only adjust slowly to changes in market conditions due to, among other factors, product heterogeneity and costly search and transaction costs. The error correction framework employed in the present paper takes into account this slow adjustment of housing markets.
4.
These findings have implications for the understanding of the functioning of housing markets in OECD countries and the design of effective housing market policies. Evidence provided in Andrews (2010) shows that low responsiveness of housing supply has tended to exacerbate the price effect of changes in housing demand caused by financial, labour market or demographic shocks across OECD countries over the past decades. For example, in a country with supply elasticity half a standard deviation below the median OECD country, the increase in house prices linked to a demand shock was 50% larger than if the elasticity were at the median. Thus in rigid supply environments, increases in housing demand are much more likely to be capitalised into house prices than to spur increases in the quantity of housing, at least over the horizon covered in this paper. Furthermore, there is also a negative association between housing supply responsiveness and real house price variability. In other words, house prices tend to rise faster in environments with less responsive housing supply, and the variability of house prices is also likely to be higher if the supply of housing is price-inelastic and if the demand for housing is subject to large shocks.
5.
An unresponsive supply of housing has also implications for the functioning of labour markets and their adjustment to economic shocks. In the face of a major demand shock, an increase in labour demand may translate into less employment growth and higher wages in areas where it is relatively more difficult to build new housing in order to accommodate an inflow of workers. Existing evidence further suggests that in the face of region-specific shocks a constrained housing supply can lead to lower geographical mobility as households in lower-priced areas have a larger credit hurdle to clear if they wish to move to higher priced regions (Saks, 2008; Barker, 2004; Cameron and Muellbauer, 1998) . Evidence provided in Caldera further shows that in countries with more responsive housing supply, residential mobility -particularly among younger households -tends to be much higher,
2
The analysis is macro in nature, essentially treating each country as a single housing market. Although in reality housing markets are typically local or regional, country level estimates give a sense of differences in the overall responsiveness of housing supply across countries. In the present paper, the supply of housing is modelled as the flow of residential investment rather than the stock of housing because of data limitations. This implies that the computed elasticity parameters can be interpreted as the elasticity of the flow of residential investment (or new supply) with respect to prices. and the same is true within cities in the United States. Econometric estimates suggest that increasing the elasticity of supply from the lowest to the average level in the OECD would raise the average household's mobility rate significantly.
6.
The remainder of the paper is organised as follows. Section 2 presents the theoretical framework employed to analyse the housing sector. Sector 3, describes the approach to estimate the price-elasticity of new housing supply and the data used in the estimation. Section 4 presents the empirical results and compares the estimates of the responsiveness of housing supply with those of other studies. Section 5 discusses potential drivers of differences in the responsiveness of housing supply across countries, while the final section discusses economic implications for the functioning of housing and labour markets, in light of the findings in this paper and policy reforms to enhance the responsiveness of housing supply.
A model of the housing sector

7.
This section presents the conceptual framework underlying the estimation of the long-run price elasticity of new housing supply. The empirical approach builds on a stock-flow model of the housing sector to estimate the elasticity of new housing supply with respect to price. This model has long been used in the literature as the main theoretical framework to describe the housing sector (see Di Pasquale and Wheaton (1994) for a review). It has the key advantage of considering the dual role of housing as a capital investment and consumption good, as well as to distinguish between the stock of housing and the flow of housing investment. One important feature of the housing market is that the housing stock adjusts slowly to changes in demand: housing investment is lumpy as building takes time and depreciation of the housing stock is slow. Thus, housing markets can clear rapidly only if prices react strongly to tensions between demand and supply. However, the heterogeneity of housing generates search and transaction costs which make it difficult for households to react swiftly to price signals (DiPasquale and Wheaton, 1994) . Hence, stock equilibrium is achieved only in the long-run.
8.
In the long-run, two important drivers will influence housing demand (Meen, 2002) . First, expected or permanent income and developments in the age and structure of the population will determine the quantity of housing demanded. Second, the user cost of holding the housing asset, which is in turn influenced by interest rates, taxation and expected capital gains of owning the house also matters for demand. Housing demand can be expressed as a function of exogenous factors such as, income, demographic characteristics and the user cost of housing (summarised in X 1 ), and the real price level of housing (P). In the long run, the demand for housing (D) determines the equilibrium price that will clear the stock of housing (S), as given by the following equation:
9.
On the supply side, the stock of housing slowly depreciates over time, at a depreciation rate ∂ , and expands gradually with new residential investment (I) as given by the differential equation (2):
The stock equilibrium demand, given by equation (1) leads to long-run adjustments in the rate of growth of the housing stock through investment in new construction. Residential investment is, in turn, a function of cost shifters, such as costs of production in terms of land, labour and materials, and housing policies summarised in the vector X 2 , as well as real house prices. Because house prices affect the incentives to build new housing and/or maintain the existing stock of housing they have an effect on residential investment.
10.
Inverting the demand function (1) (assuming a log-linear relationship between the variables) and adding an error term ε t p , the observed price, p t can be expressed as a function of the equilibrium price t p * (determined by the housing stock and demand shifters):
where all the variables are expressed in logs (and denoted in small letters) and the subscript t denotes time. Similarly, long-run residential investment can be expressed as follows, where the coefficient β 1 denotes the long-run elasticity of investment with respect to prices:
Taking into account the slow adjustment of housing markets the model further incorporates an error correction process in both the demand and supply sides. Ample evidence suggests that the housing market adjusts gradually to shocks due to, among other factors, transaction costs (e.g. Di Pasquale and Wheaton, 1994; Mayer and Somerville, 2000) . For instance, Di Pasquale and Wheaton (1994) suggest that product heterogeneity and costly search imply that the anticipated sale time for a house can be long and exhibit significant variance leading to a slow clearing of the housing market. Specifically, if the housing market is in equilibrium and a shock occurs, this creates a disequilibrium causing a wedge between the equilibrium price and the actual price level (p t -p t *) due to such rigidities. For instance, if the desired level of the housing stock is higher than the existing supply, a negative wedge will appear between the actual price of housing and the equilibrium price, and actual house prices will gradually rise spurring new residential investment until the equilibrium levels are reached.
12.
The following short run demand equation summarises the dynamics of house prices and their reaction to housing market imbalances:
where Δ denotes the first difference of a variable and ε t p captures the disequilibrium between actual and equilibrium house price. The speed of price adjustment to equilibrium is captured by 1 φ and is expected to be negative reflecting the convergence between actual prices and equilibrium prices over time. Additionally, changes in house prices are a function of changes in other factors such as household income or the user cost, summarised in X 1 and u p t is an error term.
13.
The dynamics of residential investment are, in turn, described by the following equation, where the error correction term ε t i tracks the level of over or under investment.
14.
Equation (6) indicates that a fraction 1 δ of the deviations in investment from equilibrium are corrected over the following period, at a speed of adjustment 1 δ (with 1 δ <0 to ensure convergence). The 3
The β 1 parameter can be interpreted as the elasticity of the flow of residential investment (or new supply) with respect to prices. The elasticity of the stock of housing with respect to prices would then be (following equation (2)) β 1 divided by the depreciation rate ( ∂ ) of the housing stock.
vector X 2 in turn captures factors which influence changes in residential investment, such as variations in the costs of construction and u i t is an error term.
Estimation and data
Econometric model
15.
Building on the theoretical framework outlined above and on earlier OECD work (Hüfner and Lundsgaard, 2007; Rae and van den Noord, 2006) , the following long-run price and investment equations are estimated in an error correction framework employing the Engle-Granger two-step estimation procedure (1987) . 4 In order to obtain an estimate of the long-run price-elasticity of new housing supply for each country, the following system of equations is estimated separately for each of the OECD countries using quarterly data:
The dependent variable in the demand equation is real house prices, p t , while the dependent variable in the supply equation is real gross residential investment, i t . The coefficient of interest in these equations is β 1 , which measures the long-run elasticity of housing investment, or new housing supply, with respect to prices. As a robustness check the investment equations were also estimated separately from the price equation. The resulting elasticity estimates and the country ranking in terms of responsiveness are in line with system results. The system approach is preferred as it allows for feedback between supply and demand and is a more efficient estimation approach.
16.
The explanatory variables in the price equation include real income (y t ), the real interest rate (R t ), the stock of residential dwellings ( t s ), and a demographic variable ( t d ) capturing the share of the age cohort 25-44 in population, i.e. those who are more likely to buy housing. The real interest rate is a simple measure of the user cost, which measures the opportunity cost of capital tied up in the property or taken on credit.
The coefficients on the stock of housing and interest rates are expected to be negative, while the coefficient on income and demographics are expected to be positive. The explanatory variables in the investment equation include real residential construction costs (cc t-1 ), real house prices ( ) and the same demographic variables included in the first equation ( t d ), as the size and structure of the population is expected to influence the incentives to build. The coefficients on construction costs are expected to be negative, while the coefficients on prices and the demographic variable are expected to be positive. All the variables are in logs, except the real interest rate. Both construction costs and real house prices enter lagged in the equation to reflect the nature of the construction industry, where there is typically a lag between price signals and investment in housing, and to avoid potential endogeneity. In addition, both equations include a set of quarterly dummies t γ to control for seasonal effects. In their seminal paper on co-integration, Engle and Granger (1987) suggest a two-step analysis to test for co-integration: estimate the co-integrating regression by ordinary least squares (OLS) in the first step and then test for a unit root in the residuals from the co-integrating regression in the second step. If the null of a unit root in the residuals is rejected, then there is evidence of co-integration and the residual from the first step regression can be added as the error correction term in the dynamic regression.
5
A broader measure of the user cost also takes into account differences in housing taxes, depreciation and any anticipated capital gains from owning the house. As housing taxes and depreciation usually show high inertia, the real interest rate is one of the main components shaping the user-cost.
17.
The estimated residuals t p ECT and t i ECT are then included as error correction terms, in the following equations explaining the short-term evolution of prices and investment:
where ECT t-1 is the error-correction term, i.e. the residual from the long-run equation, lagged one period. The coefficients 5 φ and δ 4 measure the (quarterly) speed of adjustment to the long term equilibrium. The parameter 5 φ is expected to be negative, as disequilibrium in prices in previous periods will adjust back to equilibrium over the next periods. Similarly the speed of adjustment in investment (δ 4 ) is expected to be negative as disequilibrium in investment in the previous period should have a positive effect on investment in the next period; that is if the actual flow of housing investment is lower than what is predicted by fundamentals, investment will rise.
18.
Both systems of equations, the long-run relationships given by equations (7) and (8) and the short-run relationships given by equations (9) and (10), are jointly estimated using seemingly unrelated regressions (SUR), to account for heteroskedasticity and contemporaneous serial correlations in the error terms across equations.
Data
19.
The estimation period differs across countries depending on data availability; however, the typical timeframe is from the 1980s to the mid-/late-2000s. Data definitions and sources are as follows. Real prices are inflation-adjusted nominal prices sourced from the OECD or from national data sources. The measure of housing supply is real residential investment, more precisely defined as gross fixed capital formation in the housing sector expressed in volume indices, sourced from the OECD. The stock of housing is the total number of dwellings in a given country sourced from the United Nations Economic Commission for Europe (UNECE). The other variables involved in the estimation include, real income, interest rates, population and construction costs and are sourced from different OECD databases. Income is measured by either GDP per capita, deflated by the national GDP deflator, or by real household disposable income, depending on data availability. Interest rates are measured by the long term or short term real interest rate (to the extent households are short-sighted; the short-term interest rate can influence their decision to buy a house), depending on the predominant type of mortgage loan interest readjustment in each country. Population is measured by the share of the 25-44 years old cohort in total population, or the total national population in that age cohort depending on which variable gives the best model fit. A detailed description of the variables and their sources is provided in Table A1 in the Appendix.
20
. Figure 1 plots the evolution of real house prices over the sample period for the OECD countries included in the analysis. Real house prices rose strongly in a majority of OECD countries since the mid1980s. In several countries, prices have increased by more than 90% since the early 1980s (e.g. Ireland, Spain, the United Kingdom, the Netherlands, Belgium etc.). However, in a few countries real house prices remained stable or even decreased (e.g. Japan, Switzerland and Germany etc.). 
21.
On the other hand, the increase in real house prices was accompanied by increased housing investment in several countries. Figure 2 plots the real value of residential investment, which comprises major additions and renovations as well as new units, for the countries for which data are available. From the mid-1990s until 2006 investment grew rapidly in Spain, Ireland and the Nordic countries, while it was stagnant or even declining in Germany, Switzerland, Japan and Austria. Despite the fact that the data used in the analysis do not allow to distinguish between the different components of residential investment, other sources indicate that in all countries new construction tends to constitute the largest share of housing investment -80% on average in 2004 in countries for which data are available (Bulletin Housing). Only in Sweden, the United Kingdom and Poland does maintenance and repairs of existing dwellings account for at least 30% of investment, possibly reflecting a relatively old stock of housing in these countries.
Estimation results
22.
Tables 1 and 2 below report the estimation results for the 21 OECD countries, for which the data are available, showing the results for the long-run and short-run price and investment relationships respectively. Panel A summarises the results for the long-run relationships, while Panel B summarises the estimates for short-run dynamics.
23.
As a first step in the estimation, the order of integration of the series involved in the estimation of the long-run relationship is verified using the standard Augmented Dickey Fuller (ADF) test for the presence of unit roots. The tests include a constant, thus assuming that the overall mean is not zero, and a deterministic trend, and the optimal lag length was chosen based on the Modified Akaike Information Criterion (MAIC) of Ng and Perron (2001) . The results reported in the Appendix Table A2 provide evidence that, with a few exceptions 6 , the long run relationships are integrated of order one. Alternative Dickey-Fuller GLS tests, with higher power and better overall performance in terms of sample size than the standard ADF, yielded similar results. Then, the existence of a long-run relationship between real house prices or investment and the explanatory variables in equations (7) and (8) is verified including the error correction terms derived from the long-run relationship into the dynamic regressions (9) and (10). The error correction terms all have a negative sign and are statistically significant, suggesting that equations (7) and (8) can indeed be interpreted as long-run relationships. 
Long-run estimates
24.
Panels A of Tables 1 and 2 give the estimates for the long-run price and investment equation. Most of the demand and supply explanatory variables have coefficients that are significant and consistent with priors. In the price equation (Table 1) , income and the variable capturing the structure of the population have, as expected, a positive effect on prices, while the stock of housing and interests rates have a negative effect. The only exception are that the population and price series tend to be stationary in levels for Italy, Spain and the United Kingdom, and investment is stationary in levels for Australia and United States.
House prices tend to increase with households' disposable income and population as 7
In the standard Engle Granger approach the existence of a co-integration relationship between the series would be tested by verifying the stationarity of the residuals from the long-run relationships. In this set-up the long-run relationships are, however, estimated employing seemingly unrelated regressions (SUR) rather than OLS, so the standard ADF tests of the residuals are not valid. Visual inspection of the residuals of the long-run relationships, however, suggests that the series of residuals are stationary. The alternative test based on the significance of the error correction term in the short-run equation is, therefore, used (see Banarjee et al. 1993) . 8 The stock of housing is, however, positive and significant in 2/20 specifications (i.e. Spain and Denmark). A possible reason for this counterintuitive result is that the stock of housing is picking up the effect of population on house prices, which is not included in the equation as population is highly correlated with the dwelling stock. As a robustness check, including population divided by the dwelling stock, gives a income and population growth generates higher demand for housing. As the coefficients in Table 1 indeed show, in the long-run, the elasticity of real house prices with respect to real income are close to or above unity in most countries.
25.
Turning to the effect of the housing stock and real interest rates, they have a dampening effect on house prices. The housing stock tends to have a positive and significant effect on prices, in line with the theoretical prediction that increases in the stock of housing, and thus larger supply, lead to lower prices in the long-run. The small effect of interest rates on prices is in line with previous evidence suggesting that declining interest rates have had a modest impact on real house prices after controlling for other demand and supply factors (See Andrews et al., 2011) . In the supply equation (Table 2) , lagged prices and the demographic variable have a positive effect on investment while construction costs have a negative effect. Real construction costs have, however, a positive and significant effect on investment in Belgium, Germany and the United Kingdom, which could be accounted for poor quality data on construction costs.
26
. Figure 3 plots the coefficient on lagged prices in the long-run investment equation, i.e. the priceelasticity of new housing supply which captures the responsiveness of new supply to changes in prices. There are remarkable differences in the responsiveness of new housing supply across countries. In some countries new housing supply appears to be quite responsive to prices. Supply elasticities in Sweden, the United States, Denmark, Canada, Japan and Finland are at or above unity implying that in response to a demand shock housing output will increase proportionally more than prices. On the other hand, there are several countries with particularly low elasticities of supply, including Switzerland, the Netherlands, Austria and Italy. Housing supply is particularly unresponsive to prices in Switzerland relative to other countries, about three times less responsive than in countries like France or Germany, and more than ten times less responsive than in the United States and Sweden where supply is the most responsive among the countries in the sample. These estimates are in line with the scarce cross-country evidence available, which is discussed in detail in the next section. 1. Estimates of the long-run price elasticity of new housing supply where new supply is measured by residential investments (i.e. the coefficient on lagged prices in the long-run investment equation as reported in Table 1 ). All elasticities are significant at least at the 10% level. The estimation period is from early 1980s to mid-2000s. In the case of Spain, restricting the sample to the period 1995-2007, which would reflect recent developments in housing markets (such as the large stock of unsold houses resulting from the negative and significant coefficient for Spain and non significant for Denmark, while the long-run price elasticities of new housing supply are close to the baseline results 1982q2:2009q2 1986q4:2003q4 1984q4:2007q4 1980q4:2005q4 1980q4:2007q4 1988q4-2005q4 1983q4:2005q4 1970q2:2007q4 1980q4-2007q4 1995q2:2009q1 1990q4:2003q4 1. Results from the long-run and short-run price relationships, estimated jointly with the investment equations, employing a seemingly unrelated regression (SUR) model. All the specifications include a full set of quarterly dummies. Standard errors are reported in parentheses. ***, **, * denote significance at the 1%, 5% and 10%.
2. The stock is lagged 1 year.
3. The model for Austria includes, in addition to the current stock, the stock lagged 1 year because the fit of the model is superior. The coefficients for the 1 year lag are significant at the 1% but are not reported for brevity.
Source: OECD estimates. 1981q4:2005q4 1981q1:2007q4 1994:q3:2007:q4 1979q1:2009:q2 1999q2:2006q4 1977:Q1:2009:q2 1975q4:2008:q4 1980q4:2004:q4 1980q4:2005q4 1980q4-2008q4 1. Results from the long-run and short-run price relationships, estimated jointly with the investment equations, employing a seemingly unrelated regression (SUR) model. All the specifications include a full set of quarterly dummies. Standard errors are reported in parentheses. ***, **, * denote significance at the 1%, 5% and 10%.
Source: OECD estimates. 1982q2:2009q2 1986q4:2003q4 1984q4:2007q4 1980q4:2005q4 1980q4:2007q4 1988q4-2005q4 1983q4:2005q4 1970q2:2007q4 1980q4-2007q4 1995q2:2009q1 1990q4:2003q4 1. Results from the long-run and short-run investment relationships, which are estimated jointly with the price equations, employing a seemingly unrelated regression (SUR) model. All the specifications include a full set of quarterly dummies. Standard errors are reported in parentheses. ***, **, * denote significance at the 1%, 5% and 10%.
Source: OECD estimates. 1981q4:2005q1 1981q1:2007q4 1994q3:2007q4 1979q1:2009:q2 1999q2:2006q4 1977q1:2009q2 1975q4:2008:q4 1980q4:2004:q4 1980q4:2005q4 1980q4-2008q4 1. Results from the long-run and short-run investment relationships, which are estimated jointly with the price equations, employing a seemingly unrelated regression (SUR) model. All the specifications include a full set of quarterly dummies. Standard errors are reported in parentheses. ***, **, * denote significance at the 1%, 5% and 10%.
Source: OECD estimates.
Short-run estimates
27.
Turning to the short-run adjustment equations, in the price equation the growth rates of income and population have a positive effect on price inflation, while increases in the housing stock lead to house price deflation. The effect of interest rates changes on price changes is typically non significant and when significant yields a counterintuitive positive effect on price growth for some countries (5 of them), which may indicate that the estimation framework is unable to control for the potential simultaneity bias between interest rates and house prices. The coefficients on the error correction term in the price equation are significant and range between -0.027 and -0.776, suggesting that there are wide differences across countries in the implied speed of price adjustment. 28.
On the supply side, estimates of the short-run investment equation for the different countries indicate that the growth in lagged prices has a significant positive effect on the growth of investment. However, the other explanatory variables are only significant for few countries. Changes in construction costs and population do not typically influence changes in investment, which may be explained by the fact that typically in the short-run changes in construction costs and population are not large. The coefficients on the error-correction term have the expected negative sign and are significant ranging from -0.052 (France) to -0.775 (the Netherlands). These estimates imply that between 20% and over 100% of the differences between actual and equilibrium investment are closed within a year depending on the country. There appears to be a positive relationship between the price-responsiveness of housing supply and the speed of adjustment of investment for countries with a very responsive housing supply (e.g. the United States and Sweden) and for countries with a low responsiveness of housing supply (e.g. Switzerland and Belgium). The relationship between the long-term responsiveness of housing supply and the speed of adjustment is more tenuous for the rest of countries. On average investment and prices appear to adjust in similar fashion to shocks.
Prices adjust fast to shocks in countries like Poland and Austria, where about 100% of the gap between actual and equilibrium price is closed within a year, whereas the reaction of prices is slower in, for instance, Japan and Denmark where only about 10% of the gap is closed within a year.
Comparison of the findings relative to other studies
29.
Various studies have estimated the price elasticity of housing supply for a reduced number of countries (See e.g. Vermeulen and Rouwendal, 2007 for a review), mostly focusing on the United States and the United Kingdom. Even though, as discussed above, the stock-flow model is the theoretical framework typically used to analyse the housing sector, its empirical implementation widely differs across studies and comparisons of estimates across studies is problematic due to differences in analytical frameworks, specification of the supply function (stock, new dwellings or construction permits etc.) and period coverage. Even so, evidence from other studies can serve as a rough benchmark for the estimates of the long-term elasticity of supply reported here. Table 3 summarises these elasticity estimates, together with the speed of adjustment of investment estimates.. The size of the error correction term in the price equation for Poland seems implausibly large (-0.776) implying that 300% of the difference between the actual and the equilibrium price is closed within a year. The error-correction term in the price equation for Israel is not significant, which could be due to the short time series data available. 
30.
In order to draw comparisons between the estimates reported in Table 3 and other studies, countries can be grouped into three categories depending on how price-responsive supply is:
• First, new housing supply appears to be quite responsive to prices in North America (the United States and Canada) and in some Nordic countries (Sweden and Denmark). With the abovementioned caveats in mind, the available evidence, broadly, confirms these findings. Most studies for the United States suggest a high degree of responsiveness of housing supply to price changes, with estimates ranging from 0.5 to 3 depending on the estimation period and analytical framework (e.g. Poterba, 1984; Mayo and Shepard, 1991; Harter and Dreiman, 2004) . Previous evidence provided by the OECD (Hüfner and Lundsgard, 2007) also found a high responsiveness of new housing supply in Sweden (1.4 compared to 1.38 found in this study). By contrast, evidence reported in Swank et al. (2002) points to a elasticity of supply of 0.66 for Denmarkmuch lower than the one found in this study. The difference in the estimates may stem not only from the different estimation frameworks but also from the much longer period covered by the present study.
• Second, housing supply appears to be quite unresponsive to prices in Switzerland and the Netherlands and fairly rigid in Austria, Italy, Belgium, France and the United Kingdom. Available evidence for this group of countries focuses on the United Kingdom and the Netherlands. It suggests that housing supply is particularly inelastic in these countries, translating into poor supply responses to demand shocks and strong rises in house prices (e.g. André, 2010; Barker, 2004; Vermeulen and Rouwendal, 2008) . Vermeulen and Rouwendal (2008) also find that housing supply in the Netherlands hardly responds to prices in the long-run. For the United Kingdom, Swank et al. (2002) report a low elasticity of supply of 0.45 over 1976 to 1999 using the number of permits as a measurement of new housing supply. Econometric evidence on the price responsiveness of housing supply for Austria, Italy, Belgium and France is lacking. Figures 1 and 2 show that prices have risen more than investment over the recent past in these countries, suggesting relatively low housing supply responsiveness.
• Third, a last group of countries display intermediate housing supply responsiveness, including New Zealand, Ireland, Australia, Norway and Spain. Evidence for this group of countries is only available for New Zealand and Spain. For New Zealand, Grimes (2007) 
Factors influencing the responsiveness of housing supply to prices
31.
Cross-country differences in the long-run price responsiveness of housing supply can be related to both policy and non-policy factors. First, geographical and demographic conditions, such as physical limitations on land for development, can restrict the supply of land in certain areas and have a negative impact on the supply of housing in the long run. Indeed, a simple cross-country correlation shows that the estimated housing supply elasticity is lower in more densely populated countries (Figure 4, Panel A) . The same appears to be true within countries. For instance, based on existing estimates by Green et al. (2005) on the responsiveness of housing supply for US cities, Panel B in the same figure suggests that supply is more rigid in cities with a greater population density.
32.
But, government policies can also have a bearing for housing supply. For instance, land-use and planning policies are intended to reduce negative externalities that can be associated with new housing construction, but if they are poorly designed they may also restrict supply responsiveness. For instance, Figure 5 shows that housing supply responsiveness tends to be lower in countries where it takes longer to acquire a building permit. This correlation is robust to controlling for scarcity of land in a simple regression explaining the elasticity of supply with land-use regulation and scarcity of land. In addition, the correlation is also evident if the lifespan of building permits are used as a regulatory measure instead of the waiting time for obtaining a building permit.
Interpreting this correlation causally, an efficient design and enforcement of land-use regulation would have the potential for making housing supply more responsive to prices. This illustrative finding is also evident across cities in the United States, providing further support for the notion that housing supply responsiveness is related to regulations on land-use and planning. 1. OECD estimates of country-specific supply responsiveness and estimates of supply responsiveness for United States cities taken from Green et al. (2005) . ** Denotes significance at the 5% level.
2. Population density measured as population per km 2 .
3. Population density measured as population per square mile.
Sources: OECD estimations, United Nations (2007) and Green et al. (2005) . 1. OECD estimates of country-specific supply responsiveness and estimates of supply responsiveness for United States cities taken from Green et al. (2005) . *** Denotes significance at the 1% level.
2. The number of days to obtain a building permit is obtained from the World Bank Doing Business (2009) 3. The land-use regulation index captures approval time of building permits, available land for residential housing and access to adequate infrastructure and ranges between 7-35 (increasing in regulation) (see Malpezzi, 1996) . Sources: OECD estimations, World Bank Doing Business (2009), Malpezzi (1996) and Green et al. (2005) .
33.
However, while there is an emerging consensus that local land-use regulations have become a binding constraint on the supply of new housing units in some countries, there is much less of a consensus on the magnitude of the impact (e.g. Gyourko, 2009 for an overview). Apart from regulations on land-use, the provision of infrastructure and other public services complementary to housing, such as road junctions or water drainage, is also likely to influence supply, though hard evidence of this link is not available (e.g. Barker, 2008 , for a discussion).
34.
Housing supply responsiveness is also potentially affected by the degree of competition in the residential construction industry (Barker, 2004) . Usually, available studies find that average mark-ups in the construction industry are typically low relative to other non-manufacturing industries (Molnar and Bottini, 2010; Bouis and Klein, 2009) , although the extent of competition varies across countries (See Andrews et al., 2011). 11 35.
Finally, a number of studies illustrate the adverse effects of poorly designed rent regulations on housing supply (e.g. Arnott, 1995; Ellingsen and Englund, 2003) . Stringent rent regulations potentially discourage new construction and maintenance by capping the price of rentals, thus lowering the net return on residential investments for rental purposes and constraining housing supply (Sims, 2007; Arnott, 2003) . In line with this, illustrative correlation analysis shows that across countries, stricter rent control tends to be associated with lower quantity and quality of rental housing, as measured by the share of tenants lacking space and those reporting sub-standard housing in terms of a leaking roof.
Taken as a whole, the construction industry is typically characterised by a large number of relatively small firms. However, thinking of construction as an atomistic industry may be misleading as only a limited number of contractors are capable of managing large projects. In general, competition is low among large contractors, while it usually tends to be high among smaller subcontractors (OECD, 2008) . In the light of this, implementing an effective competition policy which, among other things, enforces anti-trust regulation and hinders collusive behaviour in the construction sector would seem to be important for improving supply responsiveness.
Economic and policy implications of the price responsiveness of housing supply
36.
The responsiveness of housing supply could affect housing market developments and impact the wider economy through its effects on house prices in various ways. In the face of demand shocks, an unresponsive housing supply can lead to higher prices compared to a more responsive housing supply environment, constraining households' private consumption and portfolio decisions in the short to medium term. In addition, constraints in the supply of housing may alter local employment and wage dynamics across residential areas with repercussions for labour mobility. However, the flip side is that in flexiblesupply countries, housing investment adjusts more rapidly to large changes in demand and contributes to more cyclical swings in economic growth, as witnessed by recent developments in OECD housing markets. Despite this trade-off, in the longer term a more flexible supply of housing is generally desirable as it allows a better match of housing construction to changes in housing demand patterns across the territory and facilitates the reallocation of workers across regions. The last part of this section outlines some policy options to increase the responsiveness of housing supply.
Housing price developments
37.
Evidence suggests that regions with high supply responsiveness have relatively small price rises following demand shocks (e.g. Grimes and Aitken, 2006) . Recent cross-country estimates (Andrews et al., 2011, Box 4) indeed suggest that positive housing demand shocks caused by either financial, labour market or demographic shocks translate into larger increases in real house prices in countries with more rigid housing supply. The magnitude of these effects is reasonably large. For instance, if the supply elasticity is 11 However, there is no apparent cross-country correlation between available measures of mark-ups in the construction industry and the estimated supply responsiveness. This may possibly reflect that average estimates of mark-ups are hard to interpret as they disguise large variations between different segments of the market, and in similar vein average elasticities hide differences in supply responsiveness across regions.
half a standard deviation below the median (among the countries included in the analysis) the increase in house prices associated with an increase in demand caused by financial deregulation is roughly 50% larger than if the supply elasticity was at the median. This finding is consistent with recent empirical evidence for the United States, which shows that the relaxation of interstate banking regulations resulted in larger increases in house prices in counties with less elastic housing supply (Favara and Imbs, 2009 ).
38.
Other recent cross-country estimates also point to a negative association between housing supply responsiveness and real house price variability (Andrews 2010) . They suggest that the variability of house prices is likely to be higher in countries where the supply of housing is price-inelastic, controlling for the size of shocks to housing demand. This finding is in line with evidence by Glaeser et al. (2008) which suggests that housing prices increase more during "bubbles" and housing price "bubbles" are more common and last longer in areas where supply is inelastic.
39.
These effects of supply restrictions on house price volatility may have implications for aggregate demand and economic activity because such volatility may affect private demand and residential investment. For instance, there is evidence that price volatility affects the incentives to construct new housing and the level of activity in the construction sector (Topel and Rosen, 1988) .
Labour market
40.
Housing supply responsiveness to prices may also influence the functioning of labour markets and how they adjust to changing economic conditions. Constraints on the supply of housing can alter local employment and wage dynamics in those areas in which restrictions are more severe (Saks, 2008) . For instance, in the face of a positive demand shock, an increase in labour demand may translate into less employment growth and higher wages in areas where it is relatively more difficult to build new housing in order to accommodate an inflow of workers. Constraints on housing supply will mean that prices, rather than quantity will rise, leading to higher housing costs and, thus, putting pressure on nominal wages. For instance, Saks (2008) finds that the long-run response of employment to an increase in labour demand is about 20% lower in metropolitan areas with restrictive housing supply regulations.
41.
Housing supply conditions can also influence the reallocation of workers over the national territory as relative house prices influence migration decisions across labour market areas. Large price differentials between areas caused, for instance, by region-specific shocks in combination with rigid housing supply, can lead to lower geographical mobility since households in lower-priced areas have a larger credit hurdle to clear if they wish to move to the higher priced region (Saks, 2008; Barker, 2004; Cameron and Muellbauer, 1998) . Housing price differentials may also curb mobility, if homeowners in high inflation areas are unwilling to give up their expected capital gains and move to low house price inflation areas. Recent cross-country household-level empirical evidence by Caldera shows that in countries and cities with more responsive housing supply residential mobility tends to be much higher than in countries and cities with less responsive housing supply. Thus, by preventing people from moving across locations, policies that constrain the supply of housing have an impact on the efficient allocation of labour and economic activity across regions.
Policy reforms to enhance supply responsiveness
42.
A number of structural policy reforms, notably in the areas of housing regulations and taxation, offer potential means to increase the responsiveness of housing supply and to avoid excessive increases in house prices and negative impacts on the economy (for a detailed discussion see Andrews et al., 2011) . Land-use policies and regulations could ensure a more efficient use of land in countries where scarcity of land restricts supply and pushes up price. In addition, in some countries there is scope for streamlining cumbersome licensing processes so as to facilitate a flexible adjustment of housing supply to demand conditions.
43.
From a taxation perspective, well-designed taxes on under-used/vacant land could be imposed on landowners to encourage residential development in countries with a shortage of land for residential construction. For example, linking the assessment of property value for tax purposes to the market value may increase incentives for developing vacant land (Johansson et al., 2008) . In countries where the construction industry is characterised by a few large constructors, competition policy hindering collusive behaviour in the construction sector is also important for a flexible supply. The design of such policies should, however, balance the benefit of additional supply against the potential cost of new developments in terms of congestion and environmental amenity losses. Vermeulen, W. and J. Rouwendal (2007) , "Housing Supply and Land Use Regulation in the Netherlands", Tinbergen Institute Discussion Papers 07-058/3, Tinbergen Institute. 1. *** stationary at 1% level of significance. ** stationary at 5% level of significance. * stationary at 10% level of significance.
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